The effects of different forms of resistant potato starch (RS) on the major microbial population groups and short-chain fatty acids (SCFA) in the cecum and feces of rats were studied over a 5-mo feeding period. Thirty 8-wk-old male Wistar rats, averaging 210 g initial body weight, were adapted for 7 d to a balanced basal diet containing 60% waxy maize starch devoid of any RS. On d 8, three groups of 10 rats each were fed diets containing the following forms of starch: 1 ) rapidly digestible waxy maize starch (basal diet), 2 ) a mixture of 83.3% waxy maize starch and 16.7% native granular potato starch (RS 1), or 3 ) a mixture of 33.3% waxy maize starch and 66.7% modified potato starch (RS 2). The final RS content in RS 1 and RS 2 was 10%. Fecal samples were collected at d 8 and 1, 3, and 5 mo after the start of the experiment. Cecal contents were taken after 5 mo. The colony counts of microbial groups did not vary with time in the control or the RS 1 group ( P > .05). Only the number of Bacteroides/fusobacteria decreased between mo 1 and 5 in rats fed RS 1 ( P < .05). The RS 2 diet led to a significant increase in total culturable bacteria, lactobacilli, streptococci, and enterobacteria between mo 1 and 5. The RS 1 and RS 2 diets stimulated the growth of bifidobacteria. Cecal numbers of lactobacilli, streptococci, and enterobacteria were higher in rats fed RS 2 than in rats fed RS 1 or control diet ( P < .05). Lactobacillus cellobiosus occurred only in rats fed RS 1 or RS 2. Acetate increased in mo 3 compared with d 8 in all groups ( P < .05). The fecal and cecal SCFA displayed higher concentrations of acetate and propionate and a higher molar proportion of propionate in RS 2 than in RS 1 or control rats ( P < .05). Stimulation of bifidobacteria, lactobacilli, and SCFA may be useful for the suppression of pathogenic organisms in the colon.
Introduction
Promoting animal health and improving growth rate and feed efficiency through modification of microbial fermentation in the gastrointestinal tract of monogastrics is a subject of considerable interest. Factors such as diet composition, microbial feed supplements (probiotics), or abiotic feed additives, especially antibiotics, organic acids, and dietary fibers, have been studied with respect to their effects on microbial activity in the digestive tract of swine and other livestock (Fonty et al., 1993) .
Resistant starch ( RS) is a relatively new approach to influence microbial metabolism. Resistant starch is defined as starch that escapes digestion in the small intestine and provides a source of fermentable substrate for cecal and colonic microflora (Cummings and Englyst, 1987) . Anaerobic fermentation leads to the production of short-chain fatty acids ( SCFA) , which may provide additional energy to animals (Just et al., 1983) . The stimulation of Bifidobacterium and Lactobacillus in the gut has been implicated in the suppression of pathogenic bacteria (Gibson and Wang, 1994) .
Resistant starch can be classified into three groups (Englyst et al., 1992) : type I, representing physically inaccessible starch such as whole or partly milled grains; type II, representing starch in granules such as raw potato; type III, representing retrograded starch obtained through feed processing.
Therefore, the objective of the present work was to study the effects of raw and retrograded potato starch in the feed on the cecal and fecal microflora and SCFA over a 5-mo period using the rat as an experimental model. 
Materials and Methods
Approval of the experimental protocol was given by the Ministry of Nutrition, Agriculture and Forestry, Brandenburg.
Animals and Diets
Thirty male Wistar rats ( 8 wk old) with an average initial body weight of 210 g, purchased from Tierzucht Schönwalde GmbH (Schönwalde, Germany), were placed in pairs in macrolon cages on wire grates and housed in a room that was maintained at a constant temperature of 22 ± 2°C, a relative humidity of 60 ± 5%, and a 12-h light:dark cycle (0600 to 1800 light). All rats were adapted for 7 d to a semisynthetic, nutritionally balanced basal diet, in the form of pellets (Table 1) . On d 8, rats were individually penned in macrolon cages and randomly assigned to one of three dietary groups (Table 1 ). The first group of 10 rats (control) received the basal diet containing rapidly digestible waxy maize starch (0% RS). A second group of 10 rats received a diet containing a mixture of 83.3% waxy maize starch (0% RS) and 16.7% native granular potato starch (60% RS), resulting in a final RS concentration of 10% ( RS 1) . The potato starch was composed of crystalline and high-molecularweight material. The third group of rats was fed a diet containing a mixture of 33.3% waxy maize starch (0% RS) and 66.7% modified potato starch (15% RS), resulting in a final RS concentration of 10% ( RS 2) . The modified potato starch (retrograded starch) was obtained by hydrothermal treatment under a surplus of water (Stoof et al., 1994) . The raw potato starch was annealed at temperatures below the point of gelatinization in the presence of bacterial a-amylase. The RS 2 consists of linear and branched polysaccharides with a degree of polymerization between 40 and 100 glucose residues. After the diet was pelleted the RS content in the feed was determined by method A of Champ (1992) based on the procedure described by Berry (1986) . In this method, RS was defined as starch not being hydrolyzed after 16 h of incubation with pancreatic amylase (500 U/100 mg sample, Sigma-Aldrich, Deisenhofen, Germany, . Hydrolysis products were extracted with 80% ethanol and discarded. The residual RS was dissolved by addition of 4 M KOH and hydrolyzed with amyloglucosidase (Sigma, for 90 min at 65°C after adjusting the pH to 4.5 with 2 M acetic acid. Glucose was determined with a glucose oxidase assay (Boehringer, Mannheim, Germany).
Rats were allowed to consume their diets and water ad libitum. The body weight of each rat was measured at 1-wk intervals and immediately after killing. The amount of feed ingested by each rat was measured twice weekly, and the average daily consumption per rat was calculated.
Sampling
Fresh fecal samples for microbiological studies, SCFA, and dry weight estimation were collected at d 8 and 1, 3, and 5 mo from the start of the experiment. Haenel et al., 1963; Haenel et al., 1970; Mevissen-Verhage et al., 1987 (medium 6) ; Kleessen et al., 1995. b The samples were immediately placed into preweighed tubes and transported to the microbiological laboratory in anaerobic jars (Merck Diagnostica, Darmstadt, Germany) within 20 min after collection. Upon receipt in the laboratory, they were immediately processed. At the end of the experiment the rats were killed by decapitation. The abdomen of the rats was opened surgically, the cecum was ligated, and the contents were collected. For the microbiological assessment, a mass of approximately .5 g of contents was placed into a preweighed tube containing 2.0 mL of a cryoprotective broth (pre-reduced brain-heart infusions broth containing 20% glycerol; Crowther, 1971 ) and immediately frozen and stored at −20°C until analyzed. All samples were analyzed within 3 wk after collection. We have shown that the cryoprotective broth maintains the viability of fecal organisms for a period of 3 wk (Kleessen et al., 1995) . Fresh cecal contents were used for the SCFA analysis.
Microbial Studies
Following homogenization, a series of 10-fold dilutions (10 −2 to 10 −8 ) of the specimens was made in a pre-reduced saline-cysteine buffer and triplicate .05-mL samples of each dilution were dropped on the nonselective and selective media listed in Table 2 (Haenel et al., 1970; Mevissen-Verhage et al., 1987; Kleessen et al., 1995) . Incubation of the inoculated media for anaerobic bacteria was carried out at 37°C for 4 d in anaerobic jars (Merck Diagnostics, Darmstadt, Germany) or in an anaerobic chamber (MK 3 Anaerobic work-station, dW Scientific, England) that had a 80% N 2 :10% CO 2 :10% H 2 atmosphere. Plates for the enumeration of aerobic organisms were incubated for 2 d at 37°C. Total colony counts were the sum from the counts made on anaerobic and aerobic NutrientYeast (NH) blood agar (Table 2) . Total anaerobic counts were corrected for facultative anaerobes by evaluating aerotolerance of the different colony types. Clostridia were determined from sulfite-polymyxinmilk agar (Mevissen-Verhage et al., 1987) or Neomycin-Nagler agar (Difco, Augsburg, Germany).
Following incubation, the colonies on the various selective media were noted and enumerated, and selected colonies were further purified for identification. The criteria used for the identification of anaerobic isolates were those outlined by the Anaerobic Laboratory at Virginia Polytechnic Institute and State University (Holdemann et al., 1977) . For the biochemical identification of species, the VITEK System (Bio mérieux, Nü rtingen, Germany) was used. The miniaturized test-system API 50 CHL (Bio mérieux) was used for the biochemical identification of lactobacilli to the species level. Bacterial reference strains present in the laboratory strain collection or obtained from the ATCC (American Type Culture Collection, Rockville, MD) were used for typing lactobacilli. Aerobic and facultative isolates were identified by standard methods (Balows et al., 1991) . The viable counts are expressed as the log 10 of colonyforming units (cfu)/gram of dry weight of feces or cecal content.
Short-Chain Fatty Acids
Short-chain fatty acids were extracted as described previously by Scheppach et al. (1989) . Samples of 1.0 mL were injected into a gas chromatograph HP 5890A (Hewlett Packard) equipped with a flame ionization detector and a semi-capillary column (25 m × .23 mm) impregnated with 20 M Carbowax. Helium at a column flow rate of 12 mL/min with a split of 1:10 was used as the carrier gas (column temperature 125°C). 
Statistical Analysis
The experiment consisted of three treatments, with 10 rats per treatment. Rat was the experimental unit. Statistical analyses were conducted with SAS (1990) software. In a first analysis, the effect of time after feeding on the different fecal microbial population groups and on the concentration of SCFA was taken into account. The data collected over time were analyzed as a repeated measure in time using Friedman and Dunn-Rankin tests (Wilcoxon and Wilcox, 1964) .
Analysis of variance and Tukey's studentized range test were used separately for each sampling time to show the effect of diet on bacteriological and SCFA analyses (SAS, 1990 ). An error term within treatment was used to determine the effects of treatment on these variables (experimentwise error rate).
Before statistically analyzing the bacteriological results, the normality of the data was checked by using the Univariate program. Logarithmic transformation was performed on bacterial counts to improve the homogeneity of variance. The analysis of the bacteriological data was repeated with the nonparametric Kruskal-Wallis test (Hollander and Wolfe, 1973) . Both methods gave similar results with respect to the effects of treatments.
Differences were considered significant at P < .05. Data are presented as arithmetic means ± SEM. The mean square errors (MSE, Tukey's test) are given in Tables 4 and 6 .
Results

Feed Intake and Body Weight Gain
Rats were generally in good health throughout the experiment. There were no differences in feed intake or body weight gain among the treatment groups (Table 3 ). There were no growth differences at any interval throughout the study (data not shown).
Effects on Major Microbial Population Groups
The effects of treatments on fecal microflora on d 8, and 1, 3, and 5 mo are presented in Table 4 . No time effects on the different bacterial counts were observed in the control group ( P > .05). In the rats fed RS 1, the number of fecal Bacteroides/fusobacteria was higher at d 8 and 1 mo than at 5 mo ( P < .05). The other bacterial counts were not affected by sampling time in rats fed RS 1. In the RS 2 group, temporal changes in bacterial counts were detected for total culturable bacteria, lactobacilli, streptococci, and enterobacteria ( P < .05). Total counts, lactobacilli, and enterobacteria were higher at 5 mo than at 1 mo. Streptococcal counts at 1 and 3 mo differed from the 5-mo counts. No time effects on the counts of Bacteroides/fusobacteria, bifidobacteria, and clostridia were observed in rats fed RS 2.
On the final sampling day ( 5 mo), rats fed RS 2 showed higher total counts and higher numbers of the various bacterial groups (except bifidobacteria and clostridia) than the control and the RS 1 group ( P < .05). Bifidobacteria occurred only under RS feeding in 60% of the rats fed RS 1 and in 40% of the rats fed RS 2 at levels of approximately log 10 7.6 cfu/g (Table 4 ).
The cecal flora of the RS 1 rats were similar to those of the rats receiving the control diet (Table 5) . However, rats fed RS 2 showed higher cecal numbers of lactobacilli, streptococci, and enterobacteria than rats fed the control or the RS 1 diet ( P < .05).
Effect on the Microbial Species Distribution
Six hundred twenty-seven colonies were identified at the species level. The most prevalent species isolated from the cecum and from the feces of the rats were Bacteroides vulgatus, B. thetaiotaomicron, B. ovatus, B. distasonis, B. eggerthii, Fusobacterium varium, F. prausnitzii, F. mortiferum, Eubacterium aerofaciens, E. limosum, E. rectale, Clostridium perfringens, Cl. innocum, Cl. butyricum To test the effect of the feeding regimen on the presence and prevalence of some species of the Figure 1 . Relative distribution frequency of cecal Lactobacillus species of rats fed a control diet, raw (RS 1) potato starch, or retrograded (RS 2) potato starch after a 5-mo experimental period (10 rats in each group).
predominating lactobacilli, we identified these bacteria in the cecal samples taken at mo 5. Figure 1 reveals the relative distribution frequency of various Lactobacillus species. We identified five species, L. acidophilus being the most abundant species in the three feeding groups. Lactobacillus cellobiosus was detected only in the RS 1 and RS 2 groups. Table 6 shows concentrations of acetate, propionate, butyrate, and total SCFA in feces of rats on d 8 and 1, 3, and 5 mo. Temporal changes in acetate and total SCFA concentrations were observed in all treatment groups ( P < .05). The concentrations of acetate and total SCFA were always higher at 3 mo than at d 8. In case of RS feeding there were also differences between d 8 and 5 mo. In all feeding groups, the highest concentrations of acetate were detected at 3 mo. However, rats fed the RS 1 or RS 2 diets produced more acetate and total SCFA than those fed the control diet at 1 and 3 mo ( P < .05). Rats fed RS 2 also had higher concentrations of acetate and total SCFA than control rats at 5 mo ( P < .05).
Effect on SCFA Concentration and SCFA Molar Proportions
Temporal changes in butyrate and propionate were detected only in rats fed RS 2. Butyrate concentration was higher at 5 mo than at d 8 and 1 mo ( P < .05). Propionate concentration tended to be higher at 5 mo than at d 8 and 1 mo, but these differences were not significant ( P > .05).
At 5 mo, rats fed RS 2 showed higher concentrations of propionate than the rats receiving control or RS 1 diets ( P < .05). At this sampling time, higher butyrate concentrations were observed in RS 2 than in control rats ( P < .05). Table 7 shows the individual SCFA as a proportion of total SCFA. Differences in the relative proportions of acetate and propionate were observed between 5 mo and 1 mo in the rats fed RS 2 ( P < .05).
At 5 mo, the concentrations of acetate, propionate, and butyrate as well as total SCFA were always higher in cecal contents than in feces, independent of the diet (Table 6 vs Table 8 ). Acetate was the predominant SCFA in the cecum (Table 8) . Rats fed RS 2 produced more cecal acetate and propionate than those fed the RS 1 or control diets ( P < .05). The cecal butyrate concentration was higher with RS 1 or RS 2 than with the control diet. The relative proportions of propionate and butyrate depended on the type of RS. The cecal contents of rats on the RS 2 diet contained higher proportions of propionate ( P < .05), and rats on RS 1 diet showed a trend to higher proportions of butyrate than rats fed the control diet. The molar proportion of acetate varied between 64 and 69% for all three diets.
Discussion
Resistant starch cannot be regarded as a homogeneous material that reaches the colon almost entirely undigested and thus becomes available for microbial fermentation. The amount of starch that escapes digestion in the small intestine is variable and determined by several factors, such as transit time, physical accessibility, amylase activity, the presence of enzyme inhibitors, and the interaction of starch with other dietary components such as protein, fat, and fiber (Englyst et al., 1992; Annison and Topping, 1994; Cummings and Englyst, 1995) . The starch residues passing the ileocecal junction are present in a variety of physical structures (Faisant et al., 1993) that determine the availability to the intestinal microflora. Therefore, there are considerable differences in the microbial utilization of RS depending on its source and structure. Some starches do not undergo complete fermentation in the colon (Levrat et al., 1991; Goodlad and Mathers, 1992) . The occurrence of starch residues in the feces indicates the extent to which these complex carbohydrates escape digestion and fermentation in vivo (Faulks et al., 1989; Granfeldt et al., 1993) .
Besides raw or retrograded potato starch, the diets under study contained waxy maize starch, which is presumably almost completely digested in the small intestine of rats. All diets contained in addition a low concentration of cellulose, a substrate known to be slowly degradable by cellulolytic organisms of the intestinal microflora (Horn et al., 1986) . Cellulose was suggested to act as a barrier against starchdegrading enzymes (Hamberg et al., 1989) .
In the present study, the starch content in the ileum of rats fed RS 1 or RS 2 (21 to 22 g/100 g dry weight) was considerably higher than that of control rats (1.5 g/100 g dry weight; H. Anger, personal communication). Resistant starch provides a source of fermentable substrate for the cecal and colonic Table 4 . Effects of 10% raw (RS 1) and 10% retrograded potato starch (RS 2) in the diet on fecal bacterial counts over a five-month experimental period a a Following an adaption period of 7 d to a semisynthetic diet, the resistant starches were fed from d 8 to 5 mo. Samples were collected on d 8 and 1, 3, and 5 mo after the start of the experiment.
b Data are in log 10 colony-forming units/gram of dry feces and represent means from 10 rats per treatment.
c Time effect; Bacteroides/Fusobacteria differ on d 8 and 1 mo from 5 mo ( P < .05). d Time effect; total culturable bacteria, lactobacilli and enterobacteria differ on 1 mo from 5 mo; Streptococci differ on 1 mo and 3 mo from 5 mo ( P < .05).
e MSE = mean square error (Tukey's studentized range test). f,g Means in the same row with different superscripts are different ( P < .05). microflora. Less than 1% of the total starch ingested appeared in the feces of the rats (data not shown).
Only few studies have addressed the effects of the chemistry and structure of RS on the microbial population and the microbial activity during its continued long-term administration (Bruns et al., 1977) . The data of this paper suggest that the composition of the intestinal microflora is influenced by the type of starch in the diet (Tables 4 and 5 ). On the one hand, with the exception of bifidobacteria, the fecal and cecal flora of the control rats was similar in composition to that of rats fed RS 1 (Tables 4 and 5 ). On the other hand, the feeding of a diet containing a defined retrograded potato starch (RS 2 ) resulted in the stimulation of various bacterial genera, in particular of facultative anaerobic organisms such as lactobacilli, streptococci, and enterobacteria. The latter effect reached significance ( P < .05) after the 5-mo feeding period in the feces (Table 4 ) and cecum (Table 5) , suggesting the need for a certain time of adaptation. Other authors observed that the capability of the cecal rat flora to degrade 10% retrograded Table 5 . Effect of 10% raw (RS 1) and 10% retrograded potato starch (RS 2) in the diet on cecal bacterial counts after a 5-month experimental period a a Following an adaption period of 7 d to a semisynthetic diet, the resistant starches were fed from d 8 to 5 mo. Samples of the cecum were collected 5 mo after start of the experiment.
b Data are in log 10 colony-forming units/gram of dry weight and represent means from 10 rats per treatment. SEM = maximum standard error of the means within column.
c Mean is calculated from three positive cultures. Seven cultures were < 2. Table 6 . Effects of 10% raw (RS 1) and 10% retrograded potato starch (RS 2) in the diet on fecal short-chain fatty acid (SCFA) concentrations over a 5-month experimental period a a Following an adaption period of 7 d to a semisynthetic diet, the resistant starches were fed from d 8 to 5 mo. Samples were collected on d 8 and 1, 3, and 5 mo from the start of the experiment.
b Data are in micromoles/gram of dry feces and represent means from 10 rats per treatment. c Time effect; acetate and total SCFA differ on d 8 from 3 mo (control) and on d 8 from 3 mo and 5 mo (RS 1, RS 2) ( P < .05).
d Time effect; butyrate on d 8 and 1 mo differs from 5 mo ( P < .05). e MSE = mean square error (Tukey's studentized range test amylose in the diet increased during a 2-wk feeding period (Gee et al., 1991) . The increase in bifidobacteria and lactobacilli in the intestine of rats fed RS, especially RS 2, (Tables 4 and  5) , may contribute to the stabilization of the microflora and to the health of the host. Among the major genera of colonic bacteria, Bifidobacterium and Lactobacillus are not usually thought to be pathogenic (Fuller, 1989) . These organisms may increase resistance to disease by reducing the growth of pathogenic and putrefactive bacteria by lowering pH, competing directly for substrate and mucosal attachment sites, producing inhibitory molecules, and stimulating the enteric immune system (Ueda, 1986; Table 7 . Effect of 10% raw (RS 1) and 10% retrograded potato starch (RS 2) in the diet on molar ratios a of acetate, propionate, and butyrate in feces over a 5-month experimental period b a Data are in percentages of total acetate + propionate + butyrate (see Table 6 ) and represent means from 10 rats per treatment. SEM = maximum standard error of the means within column.
b Following an adaption period of 7 d to a semisynthetic diet, the resistant starches were fed from d 8 to 5 mo. Samples were collected on d 8 and 1, 3, and 5 mo after the start of the experiment.
c Time effect; acetate differs on 1 mo and 3 mo from 5 mo ( P < .05). Table 8 . Effect of 10% raw (RS 1) and 10% retrograded potato starch (RS 2) in the diet on cecal short-chain fatty acid concentrations (SCFA) and molar ratios after a 5-month experimental period a a Following an adaption period of 7 d to a semisynthetic diet, the resistant starches were fed from d 8 to 5 mo. Samples of the cecum were collected 5 mo after start of the experiment.
b Data are in micromoles/gram of dry weight and represent means from 10 rats per treatment. SEM = maximum standard error of the means within column.
c Data are in percentages of total acetate + propionate + butyrate and represent means from 10 rats per treatment. Gibson and Wang, 1994) . In the past, a number of studies have concentrated on the advantageous physiological function of lactobacilli in the animal colon, especially in weaning pigs (Tannock, 1991; Krause et al., 1995) . Marked differences in the rat cecal and colonic microflora in response to different indigestible dietary polysaccharides also were reported by other authors (Horn et al., 1986; , although the results of these studies cannot be compared directly with ours. Bruns et al. (1977) reported significant differences in the cecal aerobic microflora of rats during a 180-d feeding period, with higher counts of lactobacilli on diets containing unmodified tapioca starch and a complete loss of streptococci in rats consuming hydroxypropyl starch. These results confirm our view that little modification in the chemical structure of starch has the potential for changing the composition of the intestinal microflora.
Despite the evidence that the gut flora composition is affected by the administration of RS, it is difficult to identify the specific organisms responsible for these changes. It seems likely that a number of RSdegrading bacteria are present in the gut that are complementary in their metabolic activities. Macfarlane and Englyst (1986) have shown that amylolytic bacteria belonging to the genera Bifidobacterium, Bacteroides, Fusobacterium, and Butyrivibrio play a major role in the fermentation of starch in the colon. The hydrolysis of RS by these organisms may lead to the accumulation of intermediates such as maltooligosaccharides, which may be available for crossfeeding of nonamylolytic species.
Our study suggests that RS stimulated the occurrence of L. cellobiosus. The organism was isolated from samples of the RS 2 group at somewhat higher frequencies than from samples of the RS 1 group but was not detected in the control rats (see Figure 1) .
A number of physicochemical and microbial factors can influence the pattern and the extent of fermentation of appropriate bacterial substrates (Sunvold et al., 1995) . These include competition for nutrients, the physicochemical environment of the large gut (e.g., oxidation-reduction potential, pH, SCFA, and lactate concentrations), various host conditions (e.g., intestinal motility, antibacterial compounds), metabolic interactions among bacteria, and changes in the fermentation strategy of bacterial species .
The characterization of changes in the concentration of microbial products such as SCFA may reflect dietary effects and provides an indication of microbial activity. In our study the concentrations of acetate, propionate, and butyrate were lower in the feces than in the cecum, and acetate was the primary SCFA detected in all rats (Tables 6 and 8 ). Based on the observed changes in the composition of the microflora, the changes in fecal and cecal formation of SCFA in response to the feeding of RS were not unexpected (Tables 6, 7 , and 8). The RS 2 diet caused higher acetate and propionate concentrations in the cecum than did RS 1 or the RS-free diet after the 5-mo study period (Table 8 ). The cecal concentration of butyrate was equal for both types of RS and higher than in the control rats. The RS 2 diet increased the molar ratio of propionate at the expense of acetate (Tables 7 and 8 ). Molar ratios of SCFA are probably a more reliable indicator of dietary changes than SCFA concentrations (Scheppach, 1994) .
However, the concentrations and proportions of SCFA are dependent not only on the counts and activities of the bacterial species but also on the environmental conditions such as luminal pH and the absorption rate of the SCFA in the gut . The effects of SCFA on colonic morphology and function have been intensively investigated (Scheppach, 1994) . The increase in SCFA in intestinal contents in response to RS observed in our study suggests an increased availability of SCFA to the host.
The high number of lactobacilli, streptococci, and bifidobacteria, which was particularly evident in the RS 2-fed group after the 5-mo feeding period (Tables 4  and 5 ), may be associated with a high lactate production in the intestine. Levrat et al. (1991) found high concentrations of lactate during the first days of adaptation to a 40% crude potato starch diet, but the lactate concentration declined subsequently over a 30-d period.
Short-chain fatty acids and lactate were expected to lower the intestinal pH and produce a more favorable environment for lactobacilli and bifidobacteria. The low intestinal pH and the high counts of lactobacilli should inhibit the proliferation of pathogenic bacteria such as certain Escherichia coli strains (Blomberg, 1993) or Clostridium difficile (Rolfe, 1984; May et al., 1994) .
In conclusion, RS may be a useful additive to animal feed that leads to an increase in the intestinal concentration of SCFA and stimulates the growth of certain lactic acid bacteria assumed to promote health.
Implications
Our results indicate that various preparations of resistant starch in the diet affect the composition of the cecal and fecal microflora and the concentration and molar composition of cecal and fecal short-chain fatty acids. Retrograded potato starch in the feed supports the growth of certain indigenous bacterial population groups, particularly acidogenic bacteria such as Bifidobacterium and Lactobacillus, and leads to an increase in the concentration of cecal and fecal short-chain fatty acids. These factors may contribute to the suppression of pathogenic bacteria.
